An automorphic loop (or A-loop) is a loop whose inner mappings are automorphisms. It was recently proved (see P. Jedlička, M.K. Kinyon, P. Vojtěchovský (2012) [8]): A finite commutative Aloop of order a power of an odd prime is centrally nilpotent. In this paper we prove without using the nilpotence that the multiplication group of a finite commutative A-loop of order a power of an odd prime is a p-group, which implies the central nilpotence of such loop, too.
properties of commutative A-loops. Among other results they examined the commutative A-loops of odd order. One of their main results is the Odd Order Theorem: every commutative A-loop of odd order is solvable (see [6, Theorem 3 .12]). They showed the Lagrange and Cauchy Theorems for commutative A-loops of odd order (see [6, Propositions 3.6 and 3.7] ).
In [8] they showed (see [8, Theorem 1.1] ) that a finite commutative A-loop of order a power of an odd prime is centrally nilpotent.
In this paper we prove without using the nilpotence that the multiplication group of a finite commutative A-loop of order a power of an odd prime p is a p-group. Consequently the loop has a nontrivial center which implies the central nilpotence of the loop.
Our proof is group theoretical but it relies on Lagrange's Theorem and the Odd Order Theorem for commutative automorphic loops which were proved by nongroup theoretical means.
We prove our result by applying the theory of connected transversals. This concept was introduced by M. Niemenmaa and T. Kepka [10] . Using their characterization theorem we can transform loop theoretical problems into group theoretical problems.
Basic definitions and results
For the basic concepts of loop theory we refer to Bruck [2] . Here we review some definitions, notations and results. [10, Lemmas 2.5 and 2.8]) and for the multiplication group of the factorloop Q /S the following is true: 
The left, middle and right nucleus of a loop Q are defined, respectively, by
The center of Q is defined by
, we obtain a series of normal subloops of Q . If Z n−1 is a proper subloop of Q but Z n = Q , then Q is centrally nilpotent of class n.
The connection between the center of the loop Q and the center of the multiplication group Mlt Q is the following [1] : Proof. Let Q be a counterexample of smallest order.
If Q is a subloop of Q such that 1 = Q = Q , then using [6, Theorem 7.2] we have Q is an A-loop of order of power of p too. Thus Q satisfies every condition of our theorem, whence the minimality
As Q is an A-loop, by Lemma 2.3,
By a theorem (see [6, Theorem 3 .12]) Q is solvable. Let Q 0 be a minimal normal subloop of Q .
The minimality of Q implies M and D are p-groups. By a theorem (see [6, Theorem 7 .2]) we have every element of Q is of order of power of p.
Consequently for every a ∈ A, there exists some natural number r such that a p r ∈ H :
.
Since R is an r-subgroup with r = p we get a contradiction with (1) . Thus M 0 is a p-subgroup.
follows Q 1 is a normal subloop of Q . The minimality of Q 0 implies Q 1 = Q , and
Let a i , a j ∈ A 0 be arbitrary. We have a i a j h ij ∈ A 0 with some h ij ∈ H ∩ M 0 . Let a ∈ A be arbitrary. We have H 
Suppose there exists a j ∈ A 0 such that α ∈ C G (a j ) .
Let a i ∈ A 0 be arbitrary. We have αa i h i ∈ A with some h i ∈ H . By (6)
As a i α = a i t i and a i is of order p (see (6)) we have t i is of order p too. We have t i ∈ N G (A) We have seen our statement is true for n = 1, 3. Suppose our statement is true for n = j. 
j+2 .
